Objective: Attention-deficit/hyperactivity disorder (ADHD) is a common neurobehavioral disorder with onset during childhood. Multiple aspects of a child's development are hindered, in both home and school settings, with negative impacts on social, emotional, and cognitive functioning. If left untreated, ADHD is commonly associated with poor academic achievement and low occupational status, as well as increased risk of substance abuse and delinquency. The objective of this study was to evaluate adult ADHD subject reported outcomes when switched from a stable dose of CONCERTA ® to the same dose of generic Novo-methylphenidate ER-C ® . Methods: Randomized, double-blind, cross-over, phase IV trial consisted of two phases in which participants with a primary diagnosis of ADHD were randomized in a 1:1 ratio to 3 weeks of treatment with CONCERTA or generic Novo-Methylphenidate ER-C. Following 3 weeks of treatment, participants were crossed-over to receive the other treatment for an additional 3 weeks. Primary efficacy was assessed through the use of the Treatment Satisfaction Questionnaire for Medication, Version II (TSQM-II). Results: Participants with ADHD treated with CONCERTA were more satisfied in terms of efficacy and side effects compared to those receiving an equivalent dose of generic Novo-Methylphenidate ER-C. All participants chose to continue with CONCERTA treatment at the conclusion of the study. Conclusion: Although CONCERTA and generic Novo-Methylphenidate ER-C have been deemed bioequivalent, however the present findings demonstrate clinically and statistically significant differences between generic and branded CONCERTA. Further investigation of these differences is warranted.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a chronic neurobiological disorder, characterized by behavioral and cognitive deficits [Biederman et al. 2009; Westerberg et al. 2010; Pazvantoglu et al. 2012 ] associated with significant impairment in psychological, occupational and social functioning in adults [Biederman et al. 2005 Kessler et al. 2006 ]. The literature has estimated prevalence rates of 5.3% in children and adolescents [Polanczyk et al. 2007] , and 3.4-4.4% in adults [Kessler et al. 2006; Fayyad et al. 2007 ]. ADHD represents a significant economic burden to our society, such that in 2005 in the United States, the cost of the disorder was approximately US$36-52 billion [Pelham et al. 2007 ]. Furthermore, ADHD results in an estimated loss of 143.8 million days of work productivity annually [de Graaf et al. 2008] .
Despite the high prevalence, ADHD is largely under diagnosed among adults [Faraone, 2004] . In part, the diagnosis of adult ADHD remains challenging for some clinicians as symptoms occurring in adulthood may differ from those observed in childhood. Moreover, for an accurate diagnosis to be made, clinicians are required to retrospectively review childhood histories for symptoms that would be diagnostic of childhood onset ADHD. The good clinician must account for the retrospective process, which is complicated by the vagaries of memory and recall of remote events. It is also essential to consider the possibility that adults with ADHD may have been able to compensate for their symptoms and thus may not have been diagnosed in childhood. Furthermore, in adults with ADHD, diagnosis can be made even more complicated by comorbid psychiatric and substance use disorders, which are often comorbid with ADHD [Goodman and Thase, 2009] .
Despite the fact that ADHD is one of the most extensively studied psychological dysfunctions, it remains one of the most controversial, with concerns having been raised about the accelerating diagnosis [Visser et al. 2014 ] the prescription of long-versus short-acting treatments [Cascade et al. 2008] , and the treatment goals and outcomes of ADHD [Teeter, 2000] .
Although nonpharmacological treatments, including behavioral strategies, are recommended for assisting adults in managing their ADHD symptoms, stimulant therapy remains the mainstay of the pharmacologic treatment of ADHD [Greenhill et al. 2001 ].
Practice guidelines including the recently published Canadian ADHD Resource Alliance (CADDRA) guidelines [CADDRA, 2011] are designed to facilitate diagnosis and treatment, but given the complicated presentation of most adults with ADHD, including multiple comorbidities, many recommendations for the management of adult ADHD are derived from clinical experience in the management of childhood ADHD [Kolar et al. 2008; Weiss and Weiss, 2004] .
Current practice guidelines recommend a multimodal approach in the treatment of ADHD that includes educational, behavioral, mental health interventions, and pharmacological management. Stimulant medications, including methylphenidate (MPH) and amphetamine products are recommended as first-line pharmacotherapy in the treatment of ADHD, as well as atomoxetine [CADDRA, 2011; NICE, 2008] . The choice of stimulant is influenced by several factors, with the most influential factor being duration of action, with long-acting medication increasing the likelihood of once-daily dosing [Cascade et al. 2008] , thereby eliminating mid-day dosing, which makes the treatment more private, avoids stigma, and improves adherence to medication.
MPH is the most commonly prescribed and most frequently studied stimulant medication for this disorder [Cox et al. 2004 ]. It has been widely shown to reduce overactivity , impulsivity [Aron et al. 2003 ], inattentiveness [Cox et al. 2004; Keulers et al. 2007 ], and to improve task behavior [Bedard et al. 2004; Mehta et al. 2004; Murray et al. 2011] , academic performance [Dommet et al. 2008; Murray et al. 2011; Wigal et al. 2011] , and social functioning [Maoz et al. 2014; Yoo et al. 2009 ].
OROS-MPH (brand name CONCERTA ® ) is the longest acting MPH currently available and has been approved for use in adults [Janssen Inc., 2011] . With the loss of CONCERTA's ® patent, novo-methylphenidate ER-C (ER-C), a generic methylphenidate-based product with a progressive delivery system, was approved in Canada as a generic alternative to CONCERTA ® [van Stralen, 2013] . Bioequivalence studies have demonstrated that novo-methylphenidate ER-C can be prescribed for adult patients with ADHD, according to Health Canada criteria.
Once a medication loses its patent it will be joined in the marketplace by multiple generic copies of the original branded medication, resulting in patients being switched from brand-name drugs to generics in an effort to keep healthcare costs down. Furthermore, in relation to variations in availability of specific generics, patients are often switched from one generic to another [Rosenthal et al. 2008] . In 2004, antidepressants were purchased by 24.8 million people [Stagnitti, 2007] , and when considering these numbers alone, it is easy to understand why patients and their healthcare plan providers can certainly benefit from these approvals.
Nonetheless, this process is not without consequences. Rosenthal and colleagues [Rosenthal et al. 2008] and Van Ameringen and colleagues [Van Ameringen et al. 2007 ] reported on mood and anxiety patients who were unknowingly switched to generic antidepressants and experienced new adverse events (AEs) or a re-emergence of their previously remitted symptoms. Gallelli and colleagues [Gallelli et al. 2013] reported the use of generic medication as related to an increased time to relapse and therapeutic failure, demonstrating the decrease in efficacy, as well as increased risk of dose-dependent adverse effects.
In addition, one generic form of Wellbutrin XL prompted a study by an independent laboratory and an investigation by the FDA and a removal of the medication from the marketplace [FDA, 2013] . Symptom relapse with other generics, including generic fluoxetine [Yu et al. 2004 ] and generic paroxetine (Rosenthal et al. 2008) , have also been reported.
Perhaps this is related in part to the fact that evidence of efficacy is not required to release a generic form of brand-name medication to the market, but rather only bioequivalence (80-125% blood concentrations of the brand medication's active compound) [Borgheini, 2003; Meyer, 2001; Vergouwen and Bakker, 2002] .
Although the active ingredients of brand and generic medications are identical, generics may vary greatly in terms of the drugs incipients (or nonactive ingredients) which may affect a drug's pharmacokinetics and ultimately, its effectiveness and tolerability [Borgheini, 2003; Meyer, 2001; Vergouwen and Bakker, 2002] . This is further complicated by the fact that healthy volunteer subjects (often university age men) are used in studies that test bioequivalence, which may not be comparable with other populations, such as in postmenopausal women. Moreover, the sample size required for bioequivalence studies is typically small, in comparison to those required for medication approval studies, such that less than 60 individuals are often required [Shen et al. 2015] .
As such, one can imagine that a switch to a generic form of a psychiatric medication (e.g. antidepressant, benzodiazepine, antipsychotic, mood stabilizer) maintaining a concentration of only 80% of the original brand, might lead to sudden changes in efficacy, resulting in increased risk of symptom relapse or withdrawal symptoms [Borgheini, 2003; Meyer, 2001 ]. On the other hand, if a patient is switched to a generic medication maintaining 120% bioequivalence, this may result in a drastic increase of AEs [Cassano and Fava, 2005; Vergouwen and Bakker, 2002] , potentially leading to decreased compliance, likely resulting in the clinician misinterpreting the patients symptomatic presentation as worsening of symptoms [Cassano and Fava, 2005; Vergouwen and Bakker, 2002] .
The objective of this study was to evaluate adult patient satisfaction when switched from a stable dose of CONCERTA ® to the same dose of the generic novo-methylphenidate ER-C.
Methods

Study design
This randomized, double-blind, cross-over, singlecenter, phase IV trial consisted of two phases. The study was performed at DIEX Research Inc., in Sherbrooke, Québec from July to November 2010. After screening, eligible adults were randomized in a 1:1 ratio to 3 weeks of treatment with CONCERTA ® at their current daily dose (36-90 mg), or to generic novo-methylphenidate ER-C (NOVO-generic). After the first 3-week treatment period, patients were crossed over to receive the other treatment for an additional 3 weeks ( Figure 1 ). There was no washout between the two treatment periods. Patients were assessed at baseline at the end of each 3-week period of the study. The total study duration was 6-7 weeks from screening visit.
The randomization list was generated using SAS and was provided to the unblinded pharmacist, located outside of the investigator site, who prepared the study medication. In order to maintain the blind, the study drug CONCERTA® and the novo-methylphenidate ER-C was put into a white opaque capsule. Neither the investigator, research team, nor the subject knew the allocated treatment. Subjects were provided with the assigned medication based on the randomization number indicated on the prescription. Subjects were also instructed not to open the pill and to return nonused tablets in a sealed bag to the pharmacist for drug accountability.
No formal sample size calculation was performed. Based on the ADHD available population 20 subjects were to be randomized. The study was designed as a crossover to gain the benefit of 'subject as his own control', considering 40 subjects instead of 20. The study was based on scientific initiative, not funded and the budget was accordingly limited. The study was conducted according to the Declaration of Helsinki and to the International Conference on Harmonization (ICH) guidelines on Good Clinical Practice. An independent Institutional Review Board (IRB) approved the study protocol. The study was conducted from July to November 2010 at Diex research center in Sherbrooke, Québec, Canada.
Patients
Inclusion criteria. A total of 20 eligible adult patients (aged 18-55 years) with a primary diagnosis of adult ADHD, based on criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) and confirmed via clinical interview and questionnaires, were included in the study. Patients must have been taking CONCERTA ® for more than 3 months, with a stable dose ranging from 36 to 90 mg, for at least 4 weeks, and have had a significant clinical benefit at the screening visit (CGI-Severity ⩽3).
Exclusion criteria. Any clinically unstable comorbid psychiatric condition including but not limited to the following: acute mood disorder, schizophrenia, bipolar disorder, obsessive-compulsive disorder (OCD) and personality disorder; a diagnosis of substance use disorder (abuse/ dependence, excluding nicotine and caffeine) according to DSM-IV criteria within 6 months prior to screening evaluation; marked anxiety, tension, aggression or agitation; autism or Asperger's syndrome; history of Tourette's syndrome and/or presence of motor tics; hyperthyroidism, myocardial infarction or stroke in the 6 months prior to the screening visit; history or current seizure disorder, glaucoma or uncontrolled hypertension; angina pectoris or cardiac arrhythmias; current clinically significant gastrointestinal problems including severe narrowing of the gastrointestinal tract; current intake of other medication for ADHD, including but not limited to other psychostimulants, atomoxetine, modafinil or bupropion; current intake of benzodiazepines, antihistamines, dextromethorphan; or initiation of an ADHD-specific behavioral therapy within 8 weeks before the screening visit.
Outcome measures
Primary efficacy measure. The primary efficacy endpoint was the change-over time of the Treatment Satisfaction Questionnaire for Medication, version II (TSQM-II) [Atkinson et al. 2005] scores, which monitored patient satisfaction with treatment, in relation to ADHD symptomatic impairment in the patient's life. The time frame was defined as Change from Screening to Visit 2, and to Visit 3 (End of Study or Early Discontinuation visit). TSQM-II is an 11-item self-administered scale, designed to measure the extent to which the patient is satisfied or dissatisfied with his/her medication on a 7-point visual analog scale, where 1 = extremely dissatisfied, 2 = very dissatisfied, 3 = dissatisfied, 4 = somewhat satisfied, 5 = satisfied, 6 = very satisfied, and 7 = extremely satisfied. It includes questions in four areas, including effectiveness, convenience, side effects and global satisfaction.
Secondary efficacy measures. Secondary efficacy endpoints included the change from screening to Visit 2, and to Visit 3 (End of Study or Early Discontinuation visit) for a number of measure ments. All questionnaires were administered at Screening, Visit 2 and Visit 3 (end of study or early discontinuation visit). The CGI-I was administered only at Visit 2 and Visit 3 (end of study or early discontinuation visit).
The Adult ADHD Quality of Life Questionnaire (AAQoL) [Brod et al. 2005 ] is a self-administered scale, designed to measure the extent to which patient's life is impaired by his/her symptoms on a 5-point visual analog scale, where 1 = not at all, 2 = a little, 3 = somewhat, 4 = a lot and 5 = extremely.
The Adult ADHD Self-Report Scale (ASRS-1.1) [Kessler et al. 2005 ] is a self-reported questionnaire, with 18 questions evaluating symptoms to be rated as: never, rarely, sometimes, often and very often. For the purpose of this study, two items were derived by calculating the mean of the following questions: attention (mean of questions 1, 2, 3, 4, 7, 8, 9, 10, 11) and hyperactivity/impulsivity (mean of questions 5, 6, 12, 13, 14, 15, 16, 17, 18) .
The Sheehan Disability Scale (SDS) [Sheehan, 1983] is a self-administered scale designed to measure the extent to which patient's work, social life or leisure activities and home life or family responsibilities are impaired by his/her symptoms on a 10-point visual analog scale, where 0 = not at all, (1, 2,3) = mildly, (4, 5, 6) = moderately, (7, 8, 9) = markedly, 10 = extremely.
The Quality of Life Enjoyment and Satisfaction Questionnaire-Short Form (Q-LES-Q-SF) [Endicott et al. 1993 ] is a 16-item self-report questionnaire assessing quality of life enjoyment and satisfaction questionnaire rated from 1 to 5, where 1 = very poor, 2 = poor, 3 = fair, 4 = good and 5 = very good. Total scores are calculated through the first 14 summate items; the last two items about medication and overall life satisfaction are considered independently.
The 36 Item Short Form Survey (SF-36) [Ware and Sherbourne, 1992 ] is a multipurpose survey with 36 questions; it yields an 8-scale profile of functional health and well-being scores, psychometrically based physical and mental health summary measures and a preference-based health index.
Clinical Global Impression-Improvement (CGI-I) [Guy, 1976] is a subscale of CGI, rated on a 7-point scale in which 1 = very much improved, 2 = much improved, 3 = minimally improved, 4 = no change, 5 = minimally worse, 6 = much worse and 7 = very much worse.
Clinical Global Impression-Severity (CGI-S) [Guy, 1976] is also a subscale of CGI, rated on a 7-point scale in which the investigator was required to rate the severity of the patient's illness where: 1 = normal, not at all ill; 2 = borderline mentally ill; 3 = mildly ill; 4 = moderately ill; 5 = markedly ill; 6 = severely ill; 7 = extremely ill.
Safety measures. Safety assessments included monitoring AEs and concomitant medications. Subjects were excluded from the study if they presented with comorbid condition or risk of suicide. Although no specific suicidality instruments were utilized in this study, a thorough screening for suicidality was undertaken as part of the routine mood and anxiety assessment at each study visit. No suicidality was reported or detected in study subjects throughout the duration of the study and follow up.
Statistical analysis
Data was collected and entered into an Excel database. A quality control was performed to ensure data accuracy and integrity. Further to database 'lock', the randomization code was opened for statistical analysis. Data analysis was performed using SAS version 9.2.
Continuous data was summarized using descriptive statistics [n, mean, standard deviation (SD), median, min and max]. Categorical variables were summarized using frequency and per cent. Summary tables were used to present patient population, demographic data as well as baseline characteristics.
The intent-to-treat population included all randomized patients with at least one evaluation post screening, during the double-blind phase or at time of discontinuation. A linear mixed effects analysis of variance model, including treatment, period and sequence as fixed effect and patient as random effect, was used for the primary efficacy analysis. All efficacy tests were conducted as two-sided and at the significance level of 0.05. No imputation of missing data was performed for the primary endpoint. The same analysis model was used for secondary endpoints. As per protocol, no adjustment for multiple comparisons was made. The safety population included all patients who were randomized and treated with at least one dose of study treatment.
Results
Demographics and baseline characteristics
The study enrolled 20 patients, which included 11 female patients and 9 male patients with a median age of 45.5 years (range 25-53 years). A total of six male and four female patients were randomized to group CONCERTA ® /novo-MPH while three male and seven female patients were randomized to group novo-MPH/CONCERTA ® . All 20 patients were randomized to treatment, but 6 (30%) withdrew prematurely during the treatment period; 4 in the CONCERTA ® /novo-MPH group and 2 in the novo-MPH/ CONCERTA ® group. All of these patients had their evaluations performed at screening as well as at the time of discontinuation; except for one patient who had his/her end-of-study evaluations performed 2 weeks after the end of treatment. Therefore, the population considered in the efficacy analysis included 19 patients. Five discontinuations occurred while subjects were receiving novo-MPH and one subject withdrew consent.
A total of 16 patients were diagnosed with combined ADHD and four were diagnosed with inattentive ADHD. ADHD subtypes were balanced between the two groups. Eleven patients had no past conditions. Depression was reported as a past condition in three patients, adjustment disorder associated with depression in one patient, anxiety in two patients and burnout in one patient. Current conditions reported included anxiety and affective mood disorder.
Patients had been previously treated with ADHD medication for a median duration of 24 months. When treated with CONCERTA ® the median duration was 18.5 months, and when treated with CONCERTA ® at a fixed dose (median dose of 63 mg), the duration was 11.5 months. During the study, patients were exposed to CONCERTA ® for a mean of 20 days and to novo-MPH for a mean of 17 days. A total of 5 out of 20 patients were treated with CONCERTA ® 36 mg, in accordance with their usual dose before study.
In terms of baseline characteristics in relation to disease treatment duration under CONCERTA ® , and disease severity, no difference was seen between the two groups. ADHD subtypes were balanced between the two groups at baseline.
Efficacy analysis
The aim of the study was to determine subject satisfaction when treated with CONCERTA ® or novo-MPH, toward those subjects already treated with CONCERTA ® , and was not aimed to compare the efficacy of the two treatments. The main analyses were to determine a difference between the baseline (Screening) and the post-treatment scores in subjects receiving CONCERTA ® when a switch to novo-MPH was made. For each treatment group and for efficacy parameters, the analyses were conducted on the change from Baseline after 3 weeks of treatment. As exploratory analyses, the two treatment groups were also compared.
Primary efficacy analysis. Questions 1 and 2 of the TSQM-II describe the effectiveness of treatment. At screening, the median score of effectiveness was 66.6%, ranging from 50% to 83.3%. As shown in Table 1 , in CONCERTA ® the change from baseline is not statistically significant (p = 0.5852), meaning that patients that were already treated with CONCERTA ® continue to be satisfied with their treatment effectiveness, even though patients were 'blinded' to treatment. For the novo-MPH group, the difference from baseline was statistically significant (p < 0.0037), a decrease in satisfaction with treatment effectiveness. This was also confirmed by the statistically significant difference (p = 0.0433) in favor of CONCERTA ® over novo-MPH.
Satisfaction with respect to treatment side effects was scored using questions 4-6 of the TSQM-II. Questions 4-6 describe the discontentment that patients had with the treatment due to its side effects (i.e. the extent to which side effects interfere with patient's physical health, mental function and mood/emotions) and were rated from 1 (extremely dissatisfied) to 5 (not at all dissatisfied). When patients received CONCERTA ® , they were slightly dissatisfied with side effects; however, this decrease in score was not statistically significant (p = 0.1252). In contrast, when the same patients were treated with novo-MPH, they were very dissatisfied with the treatment's side effects, as evidenced by a significant decrease in score (p = 0.0001).
As a result of exploratory analysis, the treatment comparison showed that patients were significantly more dissatisfied by side effects with novo-MPH than with CONCERTA ® (p = 0.0321 between treatment groups, Table 2 ).
Questions 7-9 of the TSQM-II describe the convenience of using medications and are rated from 1 (extremely dissatisfied) to 7 (extremely satisfied). No statistically significant difference was found for the change from baseline within each group, neither between the two treatments, confirming that both treatments were presented identically to maintain the blind (Table 3) .
Questions 10 and 11 of the TSQM-II describe global satisfaction with medication and are rated from 1 (extremely dissatisfied) to 7 (extremely satisfied). Patients reported a statistically significant decrease (p = 0.0004) in global satisfaction after 3 weeks treatment with novo-MPH and no statistically significant difference when treated with CONCERTA ® (Table 4) .
The overall satisfaction with study medication was in favor of CONCERTA ® ; however, the difference with novo-MPH was not statistically significant (p = 0.0791). This result confirmed the trends seen in measures of effectiveness of the medication and in the degree of side effect interference on physical health, ability of functioning, mental functions, mood and emotions. See Table  4 .
Secondary efficacy analysis
CGI. CGI-S was rated by the patient and by the investigator at Screening and after 3 weeks of each treatment period. CGI-I was only rated by the investigator and after 3 weeks of each treatment period. During treatment with CONCERTA ® , the disease severity was rated by the patient between 1 and 6 (median 3 = mildly ill) whereas when taking novo-MPH treatment, disease severity was rated between 1 and 6 (median 4 = moderately ill). When treated with CONCERTA ® the median score of change from baseline was 0; subjects did not see any change from screening in the severity of their disease (p = 0.16). However, when treated with novo-MPH, the median change is 1, such that the severity increased by 1 unit when compared with screening (p = 0.0007; i.e. when they were treated with their usual treatment CONCERTA ® ).
No statistical significance between CONCERTA ® and novo-MPH was demonstrated in disease severity when rated by subjects (p = 0.0789). This trend in change from baseline was also seen when the investigator rated severity. When treated with CONCERTA ® , the disease severity was rated by the investigator between 2 and 6 (median 2 = borderline mentally ill), while when taking novo-MPH treatment disease severity was rated between 2 and 6 (median 4 = moderately ill).
When rated by the investigator, the change of disease severity was statistically different (p = 0.0100, Table 5 ).
The investigator rated the global improvement (CGI-I) at the end of each treatment period. No comparison versus screening was done as CGI-I was collected only during the treatment. The mean scores were significantly more favorable for CONCERTA ® versus novo-MPH (mean ± SD 4.3 ± 1.1 versus 5.3 ± 1.0, respectively, p = 0.0412 using χ 2 ). See Table 5 .
SDS.
The SDS was used to assess functional impairment in four inter-related domains: work/ school, social and family life, and global functioning. For each domain, subjects treated with novo-MPH showed a statistically significant increased in functional impairment comparing with baseline. In particular, more subjects had their social life disrupted by the ADHD symptoms when treated with novo-MPH compared to CON-CERTA ® (p = 0.0428). Subjects also reported higher impairment in work/school, social and family life, and global functioning, when treated with novo-MPH. See Table 6 .
Q-LES-Q-SF. When treated with CON-CERTA ® , subject satisfaction and overall satisfaction were maintained at baseline levels. After 3 weeks of novo-MPH treatment, subject satisfaction and overall satisfaction decreased to scores of 3.4 and 3, respectively, showing that subjects were neither unsatisfied nor satisfied. These decreases were statistically significant (p = 0.0004 and p = 0.0005, respectively) with novo-MPH and the differences between the two treatments were also significant in favor of CONCERTA ® (p = 0.0443 and p = 0.0400, respectively).
ASRS-1.1. When treated with CONCERTA ® , subjects reported a slight increase in their level of inattentive symptoms and a decrease in their level of hyperactivity/impulsiveness compared with baseline; however, these differences were not statistically significant (p = 0.7573 and p = 0.3532, respectively). When treated with novo-MPH, subjects experienced a significant increase in their level of inattentive symptoms (p = 0.0039), while there was a slight decreased of hyperactivity/impulsiveness that was not statistically significant (p = 0.3245). The results of exploratory analysis showed that subjects were more attentive when treated with CONCERTA ® , as the difference between groups was statistically significant (p = 0.0267). There was no statistically significant difference between groups for hyperactivity/impulsivity.
AAQoL. This questionnaire includes 4 subscales (29 questions) on Life Productivity, Psychological Health, Life Outlook and Relationship and is rated using a 5-point Likert scale. For each subscale, the analysis showed a statistically significant decrease (worsening) of symptoms under novo-MPH. Life Outlook showed a statistically significant difference between the two treatments (p = 0.0446). The total AAQoL median score decreased significantly with novo-MPH (p = 0.0015) compared with baseline. The difference between the groups was not significant (p = 0.1237). See Table 7 .
SF-36. A statistically significant difference was seen between CONCERTA ® and novo-MPH for question 2 (p = 0.0400), question 3 (p = 0.0420) and question 5 (p = 0.0189).
Safety analysis
AEs reported by the subjects were collected during the course of the trial. Information on AE duration, seriousness, severity, relationship with study medication and outcome were also collected and analyzed.
Five subjects reported 10 AEs not related to study drug. Details are presented in Table 8 . Five subjects withdrew upon switching to novo-MPH during period 1 or 2. One subject withdrew consent. A total of 17 subjects reported 77 AEs, 10 of which were deemed unrelated to study treatment. The most commonly reported AEs with novo-MPH were: ADHD exacerbation (59%, 10/17), fatigue (29%, 5/17), nausea (18%, 3/17) and dizziness (18%, 4/17). Further details on AEs experienced with novo-MPH are provided in Table 8 . When treated with CONCERTA ® , the most common AEs were fatigue, ADHD exacerbation, and irritability (13%, 2/16 for each).
Discussion
The aim of this study was to determine the exchangeability between the branded CONCERTA ® medication and a generic version of its active ingredient. According to federal authorities, these products have been deemed bioequivalent. Bioequivalent drug formulations have the same bioavailability, meaning the same rate and extent of absorption. If the generic drug is considered bioequivalent, it is assumed that it will produce the same therapeutic effect and have the same tolerability profile as the branded drug. However, in the case of the two medications examined in this study, the shape of the curve [area under the curve (AUC)] and the T max values for both of the products appeared quite different [van Stralen, 2013] . Thus, it could be postulated that this alone could have a significant clinical impact. This assumption was further supported by some case reports and clinical experience that suggested that novo-MPH does not provide the same therapeutic benefit and tolerability as the original medication. Based on this information, the investigators determined that there was a legitimate basis to conduct the study.
Generic substitution, the substitution of a branded drug with a generic equivalent, is a common practice in today's pharmaceutical environment, as it represents an important cost-saving strategy over the long term for public and private drug plans [Ramasubbu, 2011] . This is very true in the area of ADHD, as many of the medications used to treat the disorder are available as generic formulations. According to provincial laws, the pharmacist can replace the original product with the generic version after having advised the subject that both products are clinically equivalent and that one is less expensive. There is a lot of controversy surrounding such generic drug substitution at the pharmacy level, as there is evidence to suggest that some generic products are not equivalent to branded drugs in bioavailability and therapeutic efficacy or safety. In addition, variations in pharmacokinetics (bioavailability) between a branded drug and its generic version may result in increased AEs, or even serious side effects, due to impurities in the manufacturing process. More rigorous requirements for generic drugs need to be implemented to ensure that generic drugs are identical to brand-name drugs in terms of bioequivalence as well as therapeutic efficacy and safety [Ramasubbu, 2011] . The results of this study support the need for more rigorous generic controls. The investigator had anticipated an overall reduction in efficacy and more side effects with the generic formulation in comparison with the original compound. In order to maintain some subjective differences, the TSQM-II was chosen to have an appreciation of subject's feeling toward the overall benefit/inconvenience ratio. However, the magnitude of the difference between the two groups was astounding and far beyond what was expected by the investigators. Six subjects discontinued the generic medication within a few days of starting it, a result that is quite telling. In addition, the results for all of the study endpoints clearly demonstrate that the generic formulation did not provide the efficacy and the tolerability established by the original branded medication.
Conclusion
Adult ADHD subjects treated with a stable dose of CONCERTA ® were more satisfied in terms of efficacy and side effects than those receiving an equivalent dose of the generic version novo-MPH. These results were also supported by the physician-reported CGI outcomes. All subjects elected to return to treatment with CONCERTA ® at the conclusion of the trial. These results strongly suggest that subjects were satisfied and feeling better with CONCERTA ® treatment than with the generic form of the medication.
The number of subjects is also too small to draw definite conclusions and a larger head-to-head trial is needed to confirm this trend. Yet, the fact that the results are so powerful despite a small number of subjects gives strong evidence that those products are quite different. The results of this trial suggest that subjects that are stable on CONCERTA ® should not be switched to a generic medication. However, this conclusion cannot be generalized to a drug naïve population or to subjects not already stabilized on CONCERTA ® .
The bioequivalence guidance document is considered a valuable socioeconomic strategy to improve the balance between cost and benefit of treatments and this is applicable to the vast majority of generic products. The guidance has been reviewed in 2012 [Health Canada, 2012a , 2012b , however the generic novo-MPH was evaluated as bioequivalent to CONCERTA ® using the traditional C max /AUC formula meaning that the concept of delivery system (matrix) was not a part of the equation.
These outcomes suggest the process by which health authorities decide on bioequivalence might need to be reassessed. Given that we found very clear differences between the generic and the branded CONCERTA ® one might want to consider the risk of substitution, in relation to potential morbidity and mortality risk versus simply lowered cost of the generic product versus the branded drug. In part, the difference found between the two drugs in terms of cost of the pills must be compared with the indirect costs in relation to nonadherence to the treatment regimen, number of doctor visits, emergency visits, etc., that may result in increased overall expenditures that overtake the savings made when prescribing the cheaper generic agent. In this specific case, the differences are quite pronounced between the generic and the branded CONCERTA ® , likely related to the specific differences in the delivery system between the two drugs.
Overall, while the legalities in relation to the switching of patients' medications from branded drugs to generics by the pharmacy without the doctor knowing varies between locales, it is clear that that pharmacists must inform patients about what they are receiving. Furthermore, in order to prevent the switch to generics, physicians in these cases must utilize the option to write 'no substitution' on prescriptions in order to direct the pharmacy to dispense the brand-name medication only.
Even with all of these conditions, there remain further challenges in keeping a patient on brandname medication at the pharmacy, as insurance providers only potentially provide for the cost of the generic drug, creating practical challenges in paying for the expense of medications.
A final point with regards to generics suggests that further research is required for the evaluation of the effectiveness and safety of the switch from other branded well-studied drugs to newer generic drugs. With more ADHD drugs being genericized, studies of this sort must be undertaken.
In summary, although these treatments have been deemed bioequivalent, this study showed clinically and statistically significant differences between the generic and the branded CONCERTA ® treatments in both subject-and physician-reported treatment outcomes as well as in subject discontinuation rates. Thus, further investigation of these differences both in terms of generic and the branded CONCERTA ® , as well as other branded versus generic agents, is clearly warranted.
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